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The methodology workflow (Fig 3) provides a comprehensive overview of the steps involved in this study, with a focus on five main stages:

Abstract: Gully erosion is a widespread form of land degradation throughout the world. In Haiti, it is primarily driven by deforestation and erosive farming practices. In this study, an object-based approach was developed to map gully-affected areas in the Grande Rivière du Nord watershed using high-resolution Pléiades imagery. Metrics such as spectral indices (NDVI, SAVI, NDSI) and elevation-derived data were computed using eCognition software followed by segmentation and object classification. Both Decision Trees (DT) and Random Forest (RF) classifiers were used. The results showed that the RF model outperformed the DT model in terms of overall accuracy (86%), precision (94%), and F-score (92%). The estimated extent of gullied areas using RF was 3.4 km 2 , corresponding to 3.2% of the total study area of 106 km 2 . Spectral indices were found to be the most influential features for gully mapping, followed by shape features and the textural homogeneity index. Elevation data were useful in image segmentation but did not contribute significantly to classification results. By combining field surveys and remote sensing data acquisition, the approach developed can be replicated for mapping gully erosion in Haiti.

Characterization of gully erosion by remote sensing in Haiti:

The case of the Grande Rivière du Nord watershed

Research needs and objectives

Soil erosion and particularly gully erosion is generally recognized as the dominant process of land degradation. In Haiti, soil erosion is primarily caused by human activities but is exacerbated by biophysical factors like rainfall and relief. In the Grande Rivière du Nord watershed in Haiti, gully erosion has significant environmental impacts, damaging infrastructure, filling reservoirs with sediment, and affecting agricultural areas. The main objective of this research consists in assessing the performance of object-based image analysis to detect gully erosion in the Grande Rivière du Nord watershed. More specifically, this study aimed to provide answers to specific questions:

• How accurate is the detection of gullied areas using high-resolution multispectral Pléiades imagery? • What is the spatial extent of eroded areas in the Grande Rivière du Nord watershed?

The study area

In the Grande Rivière du Nord watershed, the municipality of Sainte-Suzanne was chosen (Fig. 1) as the focal point for the methodology development due to its representativity of the whole watershed (680 km 2 ). It is also the main contributive area to the main river of GNR (Grande Rivière du Nord) watershed. The study area covers 106 km 2 .

Results and discussions

After the segmentation step (Fig. 4), a multi-label classification was performed (Fig. 5). Random Forest displays a better Overall Accuracy (0.86) than Decision Trees (0.82). Then, a binary classification was carried out between gullied areas and non-gullied areas (Fig. 6). As shown in Fig. 7, RF performs better than DT in terms of precision (0.94), and Fscore (0.92), while still maintaining a good recall (0.91). Therefore, the RF model appears more suitable for gully detection in Haiti, particularly for GNR watershed.

The results indicate that spectral indices are more crucial than other features (Fig. 8). Specifically, the NDVI comes on top with a score of 0.13, followed respectively by the SAVI, which is close to the NDVI, the mean red reflectance, the NDSI and the maximum difference. These top five features show a large gap with the closest following set. 

Materials and method

Conclusions and perspectives

For the detection approach developed, a land-cover classification was performed using both Decision Trees and Random Forest. The accuracy of the classification was checked using a confusion matrix, and results indicate that the Random Forest classifier provides better results than Decision Trees. Results also indicate that 3.2% of the studied area exhibit severe erosion. Although this percentage may initially appear low, further analysis and visual observations reveal that two specific regions are significantly impacted by gully erosion, with one of them experiencing over 50% degradation. However, due to the variability in terms of degradation level, vegetation cover, bank nature, and soil type, the method may need some adaptations before it can be transferred to other regions.
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 1 Fig. 1: Geolocation of the study area and the watershed
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 3 Fig. 3: Overall methodology workflow of the study